Background. Celiac disease is frequently associated with uncontrolled blood sugar and impaired linear growth in a child with type 1 diabetes mellitus.
INTRODUCTION
Type 1 diabetes mellitus is a common autoimmune disorder of the pediatric population, and it is frequently associated with other autoimmune conditions, especially with autoimmune hypothyroidism and celiac disease. 1 Celiac disease, or gluten-sensitive enteropathy, is an autoimmune disorder characterized by inflammation, villous atrophy and crypt hyperplasia of the small bowel mucosa after ingestion of dietary gluten and recovers when gluten-containing cereals are withdrawn from the diet.
The prevalence of rate of celiac disease in type 1 diabetes patients varies from study to study but ranges from 1% to 11%, 2 almost 10-20 times higher than that observed in the general pediatric population. 3 It has an incidence of 1 in 96 in north India. 4 The presentation of celiac disease in Type 1 diabetes patients is extremely variable, with about less than one third of patients presenting with gastrointestinal complaints, some patients remain asymptomatic and are diagnosed during routine screening procedures. 5 The prominent extra intestinal manifestations of celiac disease are short stature, delayed puberty, poor glycemic control, nutritional anaemia, etc. 6, 7 Patients with celiac disease frequently present with growth failure and malnutrition besides hypocalcaemia and anaemia. Suboptimal growth velocity, poor weight gain and glycemic control appears to be multifactorial. Few studies support the role of RANKL/OPG system in the pathogenesis, but the exact cause for it is still unknown. 8 Figure 1 . Study Design.
There are very few studies which show the effect of gluten free diet on weight, height, height velocity, and other biochemical parameters in celiac type 1 diabetes patients. There is very limited data from the Indian subcontinent.
The main aim of the present prospective observational study is to study the impact of a gluten-free diet on several growth parameters in children with Type 1 diabetes mellitus and celiac disease in Western Uttar Pradesh, India.
METHODOLOGY
This is a prospective cohort study carried out in the Department of Endocrinology and Metabolism during the study period of 2 years from July 2011 to June 2013.
Two hundred and fifty six children and adolescents with type 1 diabetes mellitus, aged 6 to 18 years, presenting to the endocrine OPD or admitted to the endocrinology ward were enrolled in the study (Figure 1 ). The study was approved by our local ethics committee.
After explaining the objectives of the study, a written informed consent was obtained from the patients or their parents. Patients were evaluated during the study period of two years from July 2011 to June 2013; inquiries were made for family history of other common autoimmune disorders, which are associated with type 1 diabetes.
Physical examination along with anthropometry and Tanner scoring was done by two endocrinologists, including one pediatric endocrinologist.
Blood samples were collected for: anti-TTG immunoglobulin subclass A (IgA) using enzyme linked immunosorbent assay (ELISA), complete blood count (CBC), iron profile, glycosylated hemoglobin (HbA1C), serum calcium, phosphorus and albumin.
Wrist and knee x-rays were done for bone age assessment in all patients with celiac disease in the hospital premises. The x-ray was reported first by experienced endocrinologists and then by radiologists, and if both agreed on a finding, it was accepted. Bone age was assessed using the Tanner Whitehouse 2 (TW2) system. Short stature is a term used to describe a condition in which a child's or a teen's height is well below the 3 rd percentile or 2 standard deviation (SD) below the mean height for age and gender and when the patient's linear growth velocity diminishes to less than 4 cm/yr (child's growth shifts to a lower channel). Delayed bone age was defined as a difference of at least 24 months between chronological age and bone age. Ethical clearance for the study was granted by the institutional ethics committee.
Vitamin D level was requested when deemed appropriate. Endoscopic duodenal biopsies were undertaken in the There are very few studies which show the effect of gluten free diet on weight, height, height velocity, and other biochemical parameters in celiac type 1 diabetes patients. There is very limited data from the Indian subcontinent.
Vitamin D level was requested when deemed appropriate. Endoscopic duodenal biopsies were undertaken in the patients with signs and symptoms suspicious for celiac disease, if they were negative for anti-TTG antibody after informed consent.
Screening for other autoimmune disorders was done only when signs or symptoms were present, or if family history was suggestive of autoimmune disorders.
Statistical analysis
All categorical variables were expressed as percentages and all continuous variables were expressed as mean ± standard deviation. Student's t-test for independent samples was used to compare the mean values of continuous study variables. The 95% confidence intervals for difference of mean were used. Chi-square test and Fisher's exact tests were used to observe an association between the qualitative study and outcome variables. All p values <0.05 were taken as significant. Statistical analysis was performed by using software SPSS version 17.
RESULTS
Twenty-four (9.37%) patients were diagnosed to have celiac disease; the mean age at diagnosis of diabetes was 9.34±7.3 years. Only one patient out of twenty four (0.041%) patients with celiac disease associated with type 1 diabetes had been diagnosed before the detection of diabetes mellitus. Table 1 shows the comparison between the patients with and those without celiac disease, the age of presentation with celiac disease was almost one year later than the age of presentation of patients without celiac disease.
Patients with celiac disease had much higher HbA1C, FBS and ALP in comparison with patients without celiac disease, which are all significant (<0.05). However, celiac disease patients had lower hemoglobin, MCV, MCH, serum iron, and serum calcium and again, all were statistically significant (<0.05). Sex ratio was found to be equal in both, while the incidence of other autoimmune conditions was found to be insignificant. Table 2 shows the demographic profile of patients with celiac disease and the most common manifestations. Some uncommon manifestations were also present in a small number of patients, these are rickets (20.8%), recurrent hypoglycemia (16.6%), carpopedal spasm (8.3%), and night blindness (8.3%). Table 3 shows the growth parameters and clinical characteristics of the 24 type 1 diabetes mellitus patients with celiac diseases (14 males and 10 females) less than 18 years of age enrolled in the study. Weight standard deviation score (SDS) increased from -0.12+1.3 at the start of gluten free diet to 0.8+0.9 after 12 months of study (p<0.05). Height SDS decreased from -2.46+1.1 at the start of gluten free diet to -2.14+0.9 after 12 months (p=0.087). Bone age SDS increased from 9.2+6.3 at the start of gluten patients with signs and symptoms suspicious for celiac disease, if they were negative for anti-TTG antibody after informed consent.
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RESULTS
Patients with celiac disease had much higher HbA1C, FBS and ALP in comparison with patients without celiac disease, which are all significant (<0.05). However, celiac disease patients had lower hemoglobin, MCV, MCH, serum iron, and serum calcium and again, all were statistically significant (<0.05). Sex ratio was found to be equal in both, while the incidence of other autoimmune conditions was found to be insignificant. Table 2 shows the demographic profile of patients with celiac disease and the most common manifestations. Some uncommon manifestations were also present in a small number of patients, these are rickets (20.8%), recurrent hypoglycemia (16.6%), carpopedal spasm (8.3%), and night blindness (8.3%). Patients were divided into three groups: Prepubertal (7), pubertal (7 patients, either with short stature or other clinical feature of celiac disease), and postpubertal (10, seven with delayed puberty and three with age more than 14 years, normal puberty but height less than 2SD). Of 7 patients in the prepubertal age group, only 1 patient attained puberty, the rest of the patients remain prepubertal. In the postpubertal patients, 3 out of 7 patients attained the puberty; and in the rest of the cases there was improvement in height and growth velocity. Besides the gluten free diet, other confounding factors which might contribute to clinical results might be pubertal growth spurt, good nutrition, better education, motivation, and presence of other autoimmune disorders.
After 1 year of follow-up, there was a significant increase in weight SDS (p<0.05), whereas the increase in height SDS (p=0.087) did not reach statistical significance. Height velocity increased from 4.7+0.7 cm/year in the year before treatment to 5.1+1.2 cm/ year during treatment (p=0.05).
DISCUSSION
This is a prospective observation study carried out in the Department of Endocrinology and Metabolism during the 2 year study period from July 2011 to June 2013.
Celiac disease is an autoimmune-mediated enteropathy precipitated by the ingestion of gluten-containing foods (including wheat, rye and barley) in genetically susceptible persons. Celiac disease is also frequently associated with type 1 diabetes mellitus but less frequently than autoimmune thyroiditis. During the last few years, numerous screening studies conducted all over the world showed the increased celiac diseases prevalence in type 1 diabetes mellitus. 5 However data from South Asia is very limited, especially in the Indian subcontinent. 9 Its prevalence in children and adolescents with type 1 diabetes ranges from 5 to 7%, the previous study done by Bhadada SK et al., 10 showed the prevalence rate of 11.1% in type 1 diabetic population.
Although screening detected cases of celiac diseases in children with diabetes mellitus, the majority are reported to be asymptomatic or silent. [11] [12] [13] Studies on the association of celiac diseases on glycemic control and growth in patients with T1D have shown conflicting results. [13] [14] In the present study, patients with type 1 diabetes with celiac disease had poor glycemic control and nutritional status as judged by fasting blood sugar, HBA1C, serum Ca, serum iron and growth velocity.
While the majority of our patients with celiac diseases were found to have no gastrointestinal symptoms, an index of malabsorption with iron deficiency, and hypocalcaemia were also prominent in the celiac disease patients. 15 The potential for early reversal of abnormalities in indices of intestinal malabsorption (iron and calcium deficiencies) is one of the advantages for screening asymptomatic children for early detection of celiac diseases in T1D patients.
The predominance of male gender among celiac diseases patients in the present study has been also been observed in few studies; 17 while other studies in different races have shown female predominance. 16 The gender variation likely represents variability of genetic and environmental factors among different races.
Patients were educated on dietary modification chart, audio visual aids, continuous follow up visits, awareness about impact of nonadherence, anthropometric measurements and laboratory investigations. Poor weight gain, height and growth velocity after institution of a gluten free diet have been shown in a group of children with DM, suggesting that they struggled to eat a gluten free diet that is suitable for children with diabetes. We found that compliance with such a restricted diet was not easy in all children. However, our most important observation was a significant improvement in weight, height and growth velocity in those children who were compliant with the diet, but not in those who continued to eat gluten.
After 1 year of follow-up, there was a significant increase in weight SDS (p<0.05), whereas the increase in height SDS (p=0.087) did not reach significance. However, height velocity increased from 4.7+0.7 cm/year in the year before treatment to 5.1+1.2 cm/year during treatment (p=0.05). Haemoglobin, mean corpuscular volume, serum calcium and serum iron also increased significantly.
Numerous studies have shown the positive effect of gluten-free diet on increased weight, height and growth velocity 18 as well as on serum calcium, serum ferritin and haemoglobin. 19 Moreover improvement of bone status in patients with type 1 diabetes mellitus with adherence to gluten-free diet has been reported. 20 
CONCLUSION
Patients with celiac disease associated with type 1 diabetes mellitus frequently have poor glycemic control and impairment in several growth parameters. When these patients are put on gluten restricted diet, they show signs of improvement in the term of weight gain, height, serum Ca, serum iron, haemoglobin, and in height velocity.
Limitations
The improvement in the growth parameters may not be explained by the gluten free diet alone, but also other confounders such as pubertal growth spurt, good nutrition, better education, motivation, Patients were divided into three groups: Prepubertal (7), pubertal (7 patients, either with short stature or other clinical feature of celiac disease), and postpubertal (10, seven with delayed puberty and three with age more than 14 years, normal puberty but height less than 2SD). Of 7 patients in the prepubertal age group, only 1 patient attained puberty, the rest of the patients remain prepubertal. In the postpubertal patients, 3 out of 7 patients attained the puberty; and in the rest of the cases there was improvement in height and growth velocity. Besides the gluten free diet, other confounding factors which might contribute to clinical results might be pubertal growth spurt, good nutrition, better education, motivation, and presence of other autoimmune disorders.
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